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PHOTOGRAPHIC SUBJECT TRACKING
METHOD, COMPUTER PROGRAM
PRODUCT AND PHOTOGRAPHIC SUBJECT
TRACKING DEVICE

INCORPORATION BY REFERENC.

L1l

The disclosures of the following priority applications are

herein incorporated by reference:
Japanese Patent Application No. 2007-121584 filed May 2, 10

2007
Japanese Patent Application No. 2006-49404 filed Feb. 29,
2008

BACKGROUND OF THE INVENTION 15

1. Field of the Invention

The present invention relates to a computer program prod-
uct containing a photographic subject tracking program used
to track a photographic subject from frame to frame and a 20
photographic subject tracking device.

2. Description of Related Art

There 1s a pattern matching method known 1n the related
art, whereby an 1mage 1s divided into a plurality of image
arcas and an area achieving the highest level of similarity, 25
determined through a template matching process executed on
the individual areas, 1s extracted as a matching area (Japanese
Patent Application No. H5-81433).

However, 11 the method 1n the related art 1s adopted to
determine through template matching a photographic subject 30
position within an 1mage with a background thereof contain-
ing an 1mage similar to the template, 1n order to track the
photographic subject position from frame to frame, a false
match may occur, disabling accurate subject tracking.

35
SUMMARY OF THE INVENTION

A photographic subject tracking method according to a
first aspect of the present mmvention comprises calculating
similarity levels of 1images input sequentially to a template 40
image, determining a photographic subject position in each of
the input images based upon the similarity levels, tracking the
photographic subject position through the input images, judg-
ing whether reliability of the similarity level calculated for the
photographic subject position 1s high or low, and changing 45
ways ol at least one of calculating the similarity levels, deter-
mimng the photographic subject position and tracking the
photographic subject position, 1f the reliability of the similar-
ity level 1s judged to be low.

According to a second aspect of the present mnvention, 1n 50
the photographic subject tracking method of the first aspect,
the similarity levels may be calculated by setting a search
target area 1n each of the mnput images, shifting a search frame
to a plurality of positions within the search target area and
calculating similarity levels of images within the search 55
frame at each of the positions to the template image, and the
photographic subject position may be determined to be at a
position of the search frame at which a highest similarity level
1s calculated.

According to a third aspect of the present invention, 1n the 60
photographic subject tracking method of the second aspect, 1T
an absolute value of a difference between an average of the
similarity levels and the highest similarity level 1s greater than
a predetermined threshold value, the reliability can be judged
to be high, and if the absolute value of the difference 1s equal 65
to or less than the threshold value, the reliability can be judged
to be low.

2

According to a fourth aspect of the present invention, in the
photographic subject tracking method of the third aspect, i
the reliability 1s judged to be low, 1t 1s desirable that the
photographic subject position determined 1n a corresponding
input 1mage 1s disqualified as a tracking target.

According to a fifth aspect of the present invention, in the
photographic subject tracking method of the third aspect, 1
the reliability 1s judged to be low, 1t 1s preferable that an areal
s1ze o the search target area over which the search frame 1s to
be shifted during a template matching process executed for a
subsequent mput 1mage 1s adjusted 1n correspondence to the
similarity level calculated for the photographic subject posi-
tion.

According to a sixth aspect of the present invention, in the
photographic subject tracking method of the third aspect, 1T
the reliability 1s judged to be low, an areal size of the search
target area over which the search frame 1s to be shifted may be
adjusted 1n correspondence to the similarity level calculated
for the photographic subject position, the similarity level may
be recalculated through template matching of the image
within the search frame and the template 1mage executed by
shifting the search frame within the search target area with the
adjusted areal size set within a current input 1mage, and a
position of the search frame with a highest recalculated simi-
larity level within the input 1mage may be designated as the
photographic subject position.

According to a seventh aspect of the present invention, 1n
the photographic subject tracking method of the second
aspect, 1 an absolute value of a difference between an average
of largest similarity levels calculated with previous 1nput
images and a largest similarity level calculated with a current
input 1mage 1s greater than a predetermined threshold value,
the reliability can be judged to be high, and 11 the absolute
value of the difference 1s equal to or less than the threshold
value, the reliability can be judged to be low.

According to a eighth aspect of the present invention, in the
photographic subject tracking method of the seventh aspect,
i the reliability 1s judged to be low, 1t 1s preferable that an
areal size ol the search target area over which the search frame
1s to be shifted during a template matching process executed
for a subsequent 1nput 1mage 1s expanded.

According to a ninth aspect of the present invention, in the
photographic subject tracking method of the seventh aspect,
if the reliability 1s judged to be low, an areal size of the search
target area over which the search frame 1s to be shifted may be
expanded, the similarity level may be recalculated through
template matching of the image within the search frame and
the template 1mage executed by shifting the search frame
within the enlarged search target area set within a current
input 1image, and a position of the search frame with the
highest recalculated similarnty level within the mnput image
may be designated as the photographic subject position.

A computer-readable computer program product accord-
ing to a tenth aspect of the present mnvention 1s for executing
a photographic subject tracking method of any one of the first
through ninth aspects.

A photographic subject tracking device according to a
cleventh aspect of the present invention comprises a similar-
ity level calculation unit that calculates similarity levels of
images mput sequentially to a template image, a photographic
subject position determination unit that determines a photo-
graphic subject position in each of the mput images based
upon the similarnty levels, a photographic subject tracking
unit that tracks the photographic subject position through the
input 1mages, a reliability judgment unit that judges whether
reliability of the similanity level calculated for the photo-
graphic subject position 1s high or low, and a processing
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control unit that changes ways of at least one of the calcula-
tion of the similarity levels by the similarity level calculation
unit, the determination of the photographic subject position
by the photographic subject position determination unit and
the tracking of the photographic subject position by the pho-
tographic subject tracking unit, if the reliability of the simi-
larity level 1s judged to be low.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram showing the structure adopted in
the camera achieved 1n an embodiment;

FIG. 2 presents specific examples of the target image I, the
template 1image A and the search frame B;

FIGS. 3A and 3B illustrate how the similarity factor cal-
culated through template matching may change as the search
frame B 1s shufted within a specific range in the target image
L

FIG. 4 presents a flowchart of the processing executed in
the camera 100 1n the first embodiment;

FI1G. 5 illustrates how the search target areca may be setin a
second embodiment;

FIG. 6 presents a tlowchart of the processing executed in
the camera 100 1n the second embodiment;

FIG. 7 shows a change 1n the similarity factor occurring
from frame to frame, which may be observed 1n a third
embodiment;

FIG. 8 1llustrates how the search target arca may be set in
the third embodiment:

FIG. 9 presents a flowchart of the processing executed in
the camera 100 1n the third embodiment;

FIG. 10 presents a flowchart of the processing executed in
the camera 100 1n a variation:

FI1G. 11 1llustrates how the search target area may be set in
a variation;

FIGS. 12A and 12B 1llustrate how the search frame may be
shifted within the search target area 1n a variation; and

FIG. 13 illustrates how the photographic subject may be
tracked on a personal computer.

DETAILED DESCRIPTION OF PR
EMBODIMENTS

(L]
Y

ERRED

-F1irst Embodiment-

FI1G. 11s a block diagram showing the camera representing
the photographic subject tracking device achieved in the first
embodiment of the present invention. A camera 100 is
equipped with an operation member 101, alens 102, an image
sensor 103, a control device 104, a memory card slot 105 and
a monitor 106. The operation member 101 includes various
input members operated by the user, such as a power button,
a shutter release switch, a zoom button, a cross key, a select
button, a playback button and a delete button.

While the lens 102 1s constituted with a plurality of optical
lens groups, FIG. 1 shows a single representative lens 102.
The image sensor 103, which may be constituted witha CCD
or a CMOS, obtains an 1mage by capturing a subject image
formed through the lens 102. It then outputs the data of the
image 1t has obtained (1mage data) to the control device 104.
The control device 104 compresses the 1image data having
been obtained via the image sensor 103 into a specific image
formats such as the JPEG format, generates an image file 1n a
predetermined format such as the Exif (exchangeable image
file format for digital still camera) and outputs the 1image file
thus generated to the memory card slot 105.

Atthe memory card slot 105, where a memory card used as
a storage medium 1s loaded, the image file output from the
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control device 104 1s written and recorded into the memory
card. In addition, 1n response to an instruction output from the
control device 104, an image {ile stored in the memory card 1s
read at the memory card slot.

At the momtor 106, which 1s a liquid crystal monitor
mounted at the rear surface of the camera 100 (rear monitor),
an 1mage stored 1n the memory card, a setting menu 1n which
settings for the camera 100 are selected, and the like are
brought up on display. In addition, the control device 104
obtains 1images from the 1mage sensor 103 in a time sequence
and outputs the images thus obtained to the monitor 106. As
a result, 1mages each corresponding to a given frame are
brought up on display 1n sequence at the monitor 106 over
predetermined time 1ntervals. In other words, through 1images
are brought up on display at the monitor 106.

The control device 104, constituted with a CPU, a memory
and other peripheral circuits, includes functional units such as
a template matching unit 104a and a photographic subject
tracking unit 1045. It 1s to be noted that the memory in the
control device 104 includes a ROM used as a buller memory,
which may be a flash memory, and a RAM such as an
SDRAM. The template matching unit 104a 1n the embodi-
ment executes a template matching process on each of the
sequential frames of through 1mages input from the image
sensor 103 1n order to determine an area over which a photo-
graphic subject 1s photographed within the frame. The pho-
tographic subject tracking unit 1045 tracks the area thus
determined from frame to frame. In more specific terms, the
following processing 1s executed.

The template matching unit 104a executes matching cal-
culation to determine a match for a template 1mage used as a
reference 1mage 1n the template matching process in the
image data (target image) in each of the frames input from the
image sensor 103 1 time sequence. More specifically, 1t
determines a photographic subject position within the target
image I in reference to the template image A, as shown in FIG.
2. The template image A 1s obtained based upon an instruction
provided by the user. For instance, the user may operate the
operation member 101 as a first through 1mage frame 1s
brought up on display at the monitor 106 to specily a range
within the first frame containing a photographic subject to be
tracked from frame to frame. The template matching unit
104a extracts the image within the range specified by the user
as a template image A and stores the extracted template image
into the ROM.

As the through 1mage mput from the image sensor 103
starts, the template matching unit 104a designates the 1mage
in each frame as the target image I and sets a search frame B
with an areal size equal to that of the template 1mage at a
specific position 1n the target image I. The template matching
unit 104q shifts the search frame B thus set within the target
image I and executes the matching calculation to find a match
for the template 1mage A among the images (search area
images) within the search frame B assuming various posi-
tions. Based upon the matching calculation results, 1t then
determines the photographic subject position indicated by the
coordinate values taken within the target image I, which
correspond to the match area achieving the highest level of
similarity between the image 1n the search frame B and the
template 1mage A.

It 1s to be noted that the template matching umt 104a
executes template matching over a specific target range
(search target area) containing the position at which the tem-
plate image A has been extracted, instead of executing tem-
plate matching over the entire target image I. Through these
measures, the template matching range can be restricted to a
range likely to contain the photographic subject 1n the target
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image I and, as a result, the processing can be executed
rapidly. In addition, since the template matching process can
be executed by adopting any of the template matching meth-
ods known 1n the related art, a detailed explanation 1s omatted.
For instance, the template matching process may be executed
by calculating a similarity factor based on, for instance, the
residual sum expressed 1n (1) below or the normalized corre-
lation expressed 1n (2) below.

The level of similarity between the template image A and
the search area image 1s higher when r calculated as the
similarity factor based upon the residual sum as expressed 1n
(1) below assumes a smaller value. In contrast, the level of

similarity between the template image A and the search area
image 1s higher when r calculated as the similarity factor
based upon the normalized correlation as expressed n (2)
below assumes a greater value.

(expression 1)

r:Zme—BM

> > (Apy = A) By — B)

X

(expression 2)

=

FIGS. 3A and 3B illustrate how the similarity factor cal-
culated through a template matching process executed by
shifting the search frame B within a specific range in the
target image I may change. In FIGS. 3A and 3B, the similarity
factor 1s indicated along the vertical axis and the number of
calculation executions 1s indicated along the horizontal axis.
Namely, the figures present the results obtained by plotting,
the similarity factor calculated each time a template matching,
1s executed as the search frame B 1s shifted and the template
matching 1s executed multiple times. It 1s to be noted that the
similarity factor indicated along the vertical axis takes on
normalized numerical values within the range of 0 and 1 and
in the description of the embodiment, a value within the range
of 0 through 1, indicating the level of similarity, 1s referred to
as a similarity factor value. When the similarity factor value is
closer to 0, the level of similanty 1s lower and when the
similarity factor value 1s closer to 1, the level of similarity 1s
higher.

For 1nstance, 1f the similarity factor has changed as shown
in FIG. 3A through the template matching process, the posi-
tion assumed by the search frame B 1n the target image 1 when
a point 3a achueving the highest similarity factor value is
calculated, 1s determined as the photographic subject posi-
tion. If, on the other hand, the similarity factor has changed as
shown 1n FIG. 3B, the position assumed by the search frame
B 1n the target image I when a point 3¢ achieving the highest
similarity factor value 1s calculated, 1s determined as the
photographic subject position.

Comparison of the results presented 1n FIG. 3A and the
results presented in FIG. 3B indicates that while the similarity
factor value (highest similarity factor value) at the point 3a 1s
markedly high with a significant difference of 0.94 from the
similarity factor value average (similarity factor candidate
average) 3b 1n FIG. 3 A, the highest similarnity factor value at
the point 3¢ 1n FIG. 3B 1s not markedly higher than the other
similarity factor values with a small difference of 0.12 relative
to the similarity factor candidate average 3d. This means that
while the photographic subject position determined based
upon results such as those shown in FIG. 3A can be assumed
to be highly reliable, the reliability of the photographic sub-
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6

ject position determined based upon results such as those
shown 1n FIG. 3B can be assumed to be low.

The template matching unit 104a 1n the embodiment
judges the reliability of the photographic subject position
having been determined to be high 1f the relationship
expressed 1in (3) below 1s satisfied and judges that the reliabil-
ity 1s low 11 the relationship 1n (3) 1s not satisfied.

lhighest similarity factor value—similarity factor can-
didate average|>threshold value

(3)

Upon judging that the photographic subject position hav-

ing been determined 1s highly reliable, the template matching
unmt 104a designates the range matching the search frame B
corresponding to the photographic subject position, as arange
within which the photographic subject 1s present in the target
image I. The photographic subject tracking unit 1045 then
displays a target frame 1indicating the range, within which the
subject 1s present over the frame, allowing the user to ascer-
tain the position at which the photographic subject 1s present
in the frame.
If, on the other hand, the reliability of the photographic
subject position having been determined 1s judged to be low,
the photographic subject tracking unit 1045 does not display
a target frame 1n correspondence to the photographic subject
position and the template matching unit 104a shift into tem-
plate matching for the next frame. Namely, upon judging that
the rehability of the photographic subject position having
been determined 1s low, the photographic subject tracking
umt 1045 disqualifies the particular photographic subject
position as the photographic subject tracking target.

As the processing described above i1s executed on each
through 1mage frame that 1s 1nput, the photographic subject
can be tracked from frame to frame by displaying the target
frame containing the tracking target only 11 the high level of
similarity 1s achieved at the corresponding photographic sub-
ject position determined through the template matching pro-
cess executed by the template matching unit 104a4.

FIG. 4 presents a flowchart of the processing executed 1n
the camera 100 1n the first embodiment. The processing in
FIG. 4 1s executed by the control device 104 based upon a
program which 1s started up as a through 1image mput from the
image sensor 103 starts.

In step S1, the template matching unit 104a reads a first
through 1image frame and then the operation proceeds to step
S2. In step S2, the template matching unit 104a extracts the
template image A from the first frame having beenread, based
upon an 1instruction 1ssued by the user. Subsequently, the
operation proceeds to step S3.

In step S3, the template matching unit 104a reads the next
through 1image frame and then the operation proceeds to step
S4. In step S4, the template matching unit 1044 calculates the
photographic subject position through the similarity factor
calculation executed by matching the images within the
search frame B at various positions against the template
image A as the search frame B 1s shifted within a predeter-
mined range 1n the target image I as explained earlier. Sub-
sequently, the operation proceeds to step SS.

In step S5, the template matching unit 104a makes a deci-
sion as to whether or not the reliability of the photographic
subject position having been determined 1s high in reference
to expression (3). If the reliability 1s judged to be low, the
operation returns to step S3 to read the next frame. If, on the
other hand, the reliability 1s judged to be high, the operatio
proceeds to step S6 1n which the photographic subject track-
ing unit 1045 displays the target frame indicating the range
within which the photographic subject 1s present over the
current frame. The operation then proceeds to step S7.
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In step S7, the template matching unit 104a selects various
parameter settings required for the template matching of the
subsequent frame. For istance, 1t may select a search area
parameter setting to specily the position or the areal size of
the range (search range) over which the search frame B 1s to
be shifted 1n the next frame, 1n correspondence to the simi-
larity factor value calculated at the determined photographic
subject position.

In more specific terms, 11 the similarity factor value having
been calculated at the determined photographic subject posi-
tion 1s high, the likelithood of having identified the photo-
graphic subject properly 1s high and accordingly, the search
areca parameter 1s set for the next frame so as to search over a
smaller range centered on the determined subject position. If,
on the other hand, the reliability of the similarity factor having
been calculated at the determined photographic subject posi-
tion 1s low, the photographic subject may have been missed
and accordingly, the search area parameter 1s set for the next
frame so as to search over a greater range centered on the
determined photographic subject position. The operation
then proceeds to step S8.

In step S8, the template matching unit 104a makes a deci-
s10n as to whether or not the through 1image input has ended.
If anegative decision 1s made, the operation returns to step S3,
in which the template matching unit 104a reads the next
frame. If, on the other hand, an affirmative decision 1s made,
the processing ends.

The following advantages are achieved in the first embodi-
ment described above.

(1) As the search frame 1s shufted within the search target area
set 1n each of mput image frames mput sequentially, tem-
plate matching 1s executed for the image in the search
frame and the template 1image to calculate the similarity
factor indicating the level of similarity between the image
contained in the search frame assuming a specific search
frame position and the template image. Then, a position in
the input image contained in the search frame in correspon-
dence to which the highest level of similarity has been
calculated 1s determined as the photographic subject posi-
tion and the reliability of the similarty factor at this pho-
tographic subject position 1s judged. If the reliability of the
similarity factor calculated for the photographic subject
position 1s judged to be low, the photographic subject posi-
tion having been determined 1n the frame 1s disqualified as
a photographic subject tracking target. As a result, the
target frame 1s displayed only at a photographic subject
position achieving a high level of similarity factor reliabil-
ity, which, in turn, enables highly accurate photographic
subject tracking.

(2) The reliability of the similanity factor 1s judged as
expressed 1n (3). Namely, 1f the absolute value of the dif-
terence between the highest similarity factor value and the
average of similarity factor values calculated for the
images 1n the search frame assuming various search frame
positions relative to the template 1image 1s greater than the
predetermined threshold value, the reliability of the simi-
lanity factor calculated for the photographic subject posi-
tion 1s judged to be high. However, 11 the absolute value 1s
equal to or less than the predetermined threshold value, the
reliability of the similarity factor calculated for the photo-
graphic subject position 1s judged to below. Since this
allows the similarity factor reliability to be judged 1n a
uniform manner, the processing can be simplified.
-Second Embodiment-

In the first embodiment described above, 11 the reliability of
the photographic subject position having been determined 1s
judged to be low through the decision-making expressed in
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(3), the template matching unit 104a proceeds to process the
next frame without displaying the target frame at the particu-
lar photographic subject position. In other words, 11 the reli-
ability of the photographic subject position having been
determined 1s judged to be low, the particular photographic
subject position 1s disqualified as a photographic subject
tracking target.

The template matching unit 104a 1n the second embodi-
ment differs from the template matching unit in the first
embodiment 1n that even when the reliability of the photo-
graphic subject position having been determined 1s judged to
be low through the decision-making expressed 1n (3), 1t dis-
plays the target frame at the photographic subject position
having been determined 1n the current frame and designates
the photographic subject position as the photographic subject
tracking target. The template matching unit 104a then resets
the search area parameter having been described earlier to
search over a greater range 1n order to improve the reliability
of the photographic subject position to be determined in the
following frame. It 1s to be noted that since the aspects of the
firstembodiment having been described in reference to FIGS.
1 through 3 also apply to the second embodiment, a repeated
explanation thereof 1s not provided.

To explain the second embodiment in further detail, the
template matching unit 104a enlarges the search target area
over which the target frame B 1s shifted in the target image I
if the reliability of the determined photographic subject posi-
tion 1s judged to be low. For instance, it may set a search target
arca C within the target image I as shown 1n FIG. 5. At this
time, the template matching unit 104q may expand the search
target area at a predetermined ratio or it may adjust the expan-
s1on rate for the search target area 1n correspondence to the
similarity factor value calculated for the photographic subject
position.

FIG. 6 presents a flowchart of the processing executed 1n
the camera 100 1n the second embodiment. The processing in
FIG. 6 1s executed by the control device 104 based upon a
program which 1s started up as a through image input from the
image sensor 103 starts. It 1s to be noted that the same step
numbers are assigned to steps 1n which processing 1dentical to
that in FIG. 4 1n reference to which the first embodiment has
been described 1s executed and the following explanation
focuses on the difference from the first embodiment.

In step S4, the template matching unit 104a determines the
photographic subject position through the similarity factor
calculation executed as explained earlier. The template
matching umt 104¢q in this embodiment determines the range
corresponding to the search frame B set at the photographic
subject position as the range containing the photographic
subject 1n the target image I, regardless of the level of reli-
ability of the photographic subject position having been
determined. The operation then proceeds to step S6, 1n which
the photographic subject tracking unit 1045 displays the tar-
get frame 1ndicating the range containing the photographic
subject over the frame, before the operation proceeds to step
S7T.

In step S7, the template matching umt 104a selects the
various parameter settings such as the search area parameter
setting mentioned earlier required for the template matching
for the next frame. Subsequently, the operation proceeds to
step S5, 1n which the template matching unit 104a makes a
decision based upon expression (3) as to whether or not the
reliability of the photographic subject position having been
determined 1s high. If the reliability 1s judged to be high, the
operation proceeds to step S8.

I1, on the other hand, the reliability 1s judged to be low, the
operation proceeds to step S11 to reset the search area param-
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cter having been set 1n step S7 based upon the similarity factor
value calculated 1n correspondence to the photographic sub-
ject position. For instance, i1 the reliability of the similarity
factor having been calculated at the determined photographic
subject position 1s low, the photographic subject may have
been missed and accordingly, a greater range centered on the
determined photographic subject position needs to be
searched in the next frame. Thus, the search area parameter
should be set so that the search i1s executed over a greater
range than the range having been set 1n step S7 under these
circumstances. The operation then proceeds to step S8.

In addition to the advantages of the first embodiment, the
following advantages are achieved through the second
embodiment described above.

(1) The target frame 1s displayed at the photographic subject
position having been determined even if the reliability of
the similarity factor calculated 1n correspondence to the
particular photographic subject position i1s low. Thus, the
target frame 1s displayed over each through 1mage frame
regardless ol whether the reliability 1s high or low, allowing
the user to ascertain the change 1n the photographic subject
position.

(2) If the reliability of the similarity factor calculated 1n
correspondence to the photographic subject position hav-
ing been determined 1s low, the search area parameter 1s
reset. The photographic subject may have been missed
when the reliability of the similarity factor calculated for
the determined photographic subject position 1s low. Under
such circumstances, the search must be executed over a
greater range centered on the photographic subject position
having been determined in the next frame. In the second
embodiment, this concept 1s incorporated and the areal size
of the search target area to be searched 1s optimized for the
next frame.

-Third Embodiment-

In the first and second embodiment described above, the
template matching unit 104a judges the reliability of the
photographic subject position having been determined for the
current frame to be low based upon the decision-making
executed as expressed 1n (3). As an alternative, the absolute
value of the difference between the average of the largest
similarity factor values calculated i1n correspondence to
search target area 1n previous frames and the largest similarity
factor value 1n the search target area in the current frame 1s
calculated and 11 the absolute value indicated 1n the calcula-
tion results 1s greater than a specific threshold value, the
reliability of the photographic subject position having been
determined 1n the current frame 1s judged to be high, whereas
if the absolute value 1indicated in the calculation results 1s
equal to or less than the predetermined threshold value, the
reliability of the photographic subject position having been
determined in the current frame 1s judged to be low 1n the third
embodiment. If the reliability of the photographic subject
position having been determined in the current frame 1s
mudged to be low, the template matching unit 104a expands
the search target area 1n the current frame.

More specifically, as 1n the first and second embodiments,
the template matching unit 104a sets the search frame B
taking up an area the size of which 1s equal to the size of the
template 1mage, at a predetermined position in the target
image I. The template matching umt 104aq then executes
matching calculation to match the images (search area
images) within the search frame B taking up various positions
against the template image A by shifting the search frame B
within the target image 1. It determines the photographic
subject position indicated by specific coordinate values
within the target image I corresponding to a match area con-
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taining an 1image within the search frame B achieving a high-
est level of similarity to the template image A, based upon the
matching calculation results. It also calculates the similarity
factor value at the particular photographic subject position. A
new search frame B centered on the photographic subject
position having been determined is then set and the matching
calculation for the next frame 1s executed by using the newly
set search frame B.

An explanation 1s now given on an example in which the
largest similarity factor value has been calculated for the
image 1n the fourth frame, as shown 1n FIG. 7. In this situa-
tion, the template matching unit 104a calculates the average
value 7a of the largest similarity factor values having been
calculated in correspondence to the three preceding frames
and then calculates the absolute value 7¢ of the difference
between the average value 7a and the largest similarity factor
value 7b calculated for the 1mage 1n the current frame (fourth
frame). If the absolute value 7¢ representing the difference 1s
greater than the predetermined threshold value, the reliability
ol the photographic subject position having been determined
in the current frame 1s judged to be high. 11, on the other hand,
the absolute value 7¢ representing the difference 1s equal to or
less than the predetermined threshold value, the reliability of
the photographic subject position having been determined for
the current frame 1s judged to be low.

Namely, the template matching unit 104a 1n the third
embodiment judges the reliability of the determined photo-
graphic subject position to be high as long as the relationship
expressed 1n (4) below 1s satisfied, but judges the reliability to
be low 1f the relationship 1s not satisfied.

laverage of largest similarity factor values calculated

for previous frames-largest similarity factor
value calculated for current frame|>threshold
value

(4)

It the relationship 1 expression (4) i1s not satisfied and
accordingly the reliability of the photographic subject posi-
tion having been determined for the current frame 1s judged to
be low, the template matching unit 104q executes the template
matching process for the next frame (frame 5 1n FIG. 8) over
an expanded search target area, as shown in FIG. 8. The
photographic subject position (the center of the search target
area) set 1n the next frame may assume the same position as
that taken 1n the preceding frame (frame 3 in FIG. 8).

An explanation 1s now given on an example 1n which the
reliability of the photographic subject position having been
determined for the current frame (fourth frame) 1s judged to
be low through template matching executed by using the first
through fourth (current) frames and setting the search target
area C 1n each target image 1. In this situation, the template
matching unit 104a sets a new search target area D by expand-
ing the search target area C 1n the current frame and then
executes the template matching process for the next frame
(frame 5) over the newly set search target area D.

FIG. 9 presents a flowchart of the processing executed 1n
the camera 100 1n the third embodiment. The processing in
FIG. 9 1s executed by the control device 104 based upon a
program which 1s started up as a through 1image imput from the
image sensor 103 starts. It 1s to be noted that the same step
numbers are assigned to steps 1n which processing identical to
that 1n FIG. 4 1n reference to which the first embodiment has
been described and FIG. 6 in reference to which the second
embodiment has been described 1s executed and the following
explanation focuses on the difference from the first and sec-
ond embodiments.

In step S51, the template matching unit 104a makes a
decision as to whether or not the reliability of the photo-
graphic subject position having been determined 1s high 1n
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reference to expression (4). If the reliability 1s judged to be
high, the operation returns to step S6 in which the photo-

graphic subject tracking unit 1045 displays the target frame
over the range corresponding to the photographic subject
position having been determined.

If, on the other hand, the reliability 1s judged to be low 1n
step S51, the operation proceeds to step S11 1n which the
template matching unit 104« resets the search parameters so
as to expand the search target area, before the operation
proceeds to step S8.

In addition to the advantages of the first and second
embodiments, the following advantage 1s achieved through
the third embodiment described above. Namely, the absolute
value representing the difference between the average of the
largest similarity factor values having been calculated 1n cor-
respondence to previous frames and the largest similarity
factor value calculated for the current frame 1s determined,
the absolute value 1s then compared with the threshold value
and a decision 1s made as to whether the reliability of the
photographic subject position having been determined for the
current frame 1s high or low. Through these measures, the
decision as to whether the reliability of the photographic
subject position having been determined for the current frame
1s high or low can be made with a high level of accuracy based
upon the similanty factor values having been calculated for
the previous frames.

EXAMPLES OF VARIATIONS

It 1s to be noted that the photographic subject tracking
device embodying the present mvention described above
allows for the following variations.

(1) In the second embodiment explained earlier, the target
frame 1s displayed at the photographic subject position
having been determined even if the reliability of the simi-
larity factor calculated 1n correspondence to the particular
photographic subject position 1s low and the search param-
cters to be used 1n template matching for the following
frame are adjusted. Instead, the template matching unit
104a may reset the search parameters and re-execute the
similarity factor calculation to recalculate the photo-
graphic subject position for the current frame by using the
adjusted search parameters when the reliability of the simi-
lanity factor calculated for the 1nitially determined photo-
graphic subject position 1s judged to below. The photo-
graphic subject tracking unit 1045 may then display the
target frame at the recalculated photographic subject posi-
tion.

More specifically, the control device 104 may execute the
processing shown 1n FIG. 10. It 1s to be noted that the same
step numbers are assigned 1n FIG. 10 to steps 1n which pro-
cessing 1identical to that 1n FIG. 4, 1 reference to which the
first embodiment has been described, FIG. 6, 1in reference to
which the second embodiment has been described and FIG. 9,
in reference to which the third embodiment has been
described 1s executed. As shown in FIG. 10, the template
matching unit 104a makes a decision 1n step S5 as to whether
or not the reliability of the photographic subject position
having been determined 1s high based upon expression (3). IT
the reliability 1s judged to be high, the operation proceeds to
step S6 1n which the photographic subject tracking unit 1045
displays the target frame over the range corresponding to the
determined photographic subject position.

If, on the other hand, 1t 1s decided 1n step S5 that the
reliability 1s low, the operation proceeds to step S11 in which
the template matching unit 104a resets the search parameters
so as to expand the search target area and then the operation
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proceeds to step S12. In step S12, the template matching unit
104a re-executes the similarity factor calculation and recal-
culates the photographic subject position for the current
frame by using the adjusted search parameters. Subsequently,
the operation proceeds to step S6 in which the photographic
subject tracking unit 1045 displays the target frame over the
range corresponding to the newly determined photographic
subject position.

Since the search area parameter 1s adjusted and the tem-
plate matching 1s re-executed 1 the reliability of the photo-
graphic subject position having been mmitially determined
through the template matching executed for the current frame
1s judged to be low, the photographic subject tracking accu-
racy 1s improved.

The template matching may be re-executed after expand-
ing the search target area in the current frame (frame 4 1 FIG.
B) 1n the third embodiment described above, as well. For
instance, the template matching unit 104a may set a new
search target area D greater than the search target area C in the
current frame (frame 4) as shown in FI1G. 11. Namely, 1t may
set the search target area D as indicated 1n frame 4'. It may
then re-execute the template matching process for the current
frame (frame 4') over the search target area D.

(2) If the template matching 1s re-executed over an expanded
search target area in the current frame as in variation (1)
explained above, the range having been searched through
the first template matching session, 1.e., the range having
been searched through the processing executed 1n step S4,
does not need to undergo the processing again. In other
words, the subsequent search only needs to be executed
over the range that has not undergone the nitial template
matching session, 1.€., only over the area expanding
beyond the 1nitial search target area.

For imnstance, assuming that the search target area set for the
initial template matching session 1s the range 8a 1n FIG. 12A
and that the expanded range set for the subsequent search
includes the additional range 8a and the range 85, the search
only needs to be re-executed over the search area range 85.
More specifically, the template matching unit 104a needs to
execute template matching by shifting the search frame B 1n
a spiral pattern from the outside of the re-search range (8a+
8b) and stop the processing immediately before the search
frame B enters the range 8a.

(3) An explanation has been given 1n reference to the third
embodiment on an example 1n which the template match-
ing unit 104a compares based upon expression (4) the
absolute value of the difference between the average of the
largest similarity factor values within the search target
areas 1n the previous frames and the largest similarity fac-
tor value 1n the search target area set 1n the current frame
with the threshold value 1n order to judge the reliability of
the photographic subject position having been determined
in the current frame. However, if the largest similarity
factor values calculated for the previous frames include a
similarity factor value with a low level of reliability, 1.e., a
largest similarity factor value less than a predetermined
value, the average value of the largest similanity factor
values within the search target area set in the previous
frames may be calculated by excluding the similarity factor
value with the low reliability. Through these measures, the
accuracy of the decision made with regard to the reliability
ol the photographic subject position having been deter-
mined for the current frame can be improved.

(4) In reference to the first through third embodiments, an
example 1n which the photographic subject tracking device
1s embodied as a camera and the photographic subject 1s
tracked 1n through 1images has been explained. However, 1f




US 8,144,934 B2

13

the camera 100 has a dynamic image capturing function,
template matching may be executed for the individual
frames constituting a dynamic 1image having been photo-
graphed and the photographic subject may be tracked
through the frames constituting the dynamic image. In
addition, a program enabling the execution of the process-
ing shown 1n FIG. 4, FIG. 6 or FIG. 7 may be recorded in
another device such as a personal computer capable of
reproducing dynamic images and photographic subject
tracking may be executed on the personal computer as it
executes the program.

The program enabling a personal computer or the like to
execute a photographic subject tracking process according to
the present invention as described above may be provided via
a recording medium such as a CD-ROM or an electrical
communication line such as the Internet. FIG. 13 illustrates
how such a program may be provided. A personal computer
200 recerves the program via a CDROM 202. The personal
computer 200 1s also capable of connecting with a commu-
nication line 201 via which the program provided by a server
203 can be recerved. The communication line 201 may be a
communication line for Internet communication, personal
computer communication or the like, or it may be a dedicated
communication line. The server 203 transmits the program to
the personal computer 200 via the communication line 201.
Namely, the program, converted to a data signal on a carrier
wave, 15 transmitted from the server 203 via the communica-
tion line 201. The program can thus be distributed as a com-
puter-readable computer program product adopting any of
various modes including a recording medium or a carrier
wave.

It 1s to be noted that as long as the functions characterizing
the present convention are not compromised, the present con-
vention 1s not limited 1n any way whatsoever to the structural
details assumed 1n the embodiments described above.

What is claimed 1s:

1. A photographic subject tracking method comprising:

calculating similarity levels of images input sequentially to
a template 1mage;

determining a photographic subject position in each of the
input images based upon the similarity levels;

tracking the photographic subject position through the
input 1mages;

judging whether reliability of the similanty level calcu-

lated for the photographic subject position i1s high or

low; and

changing ways of at least one of calculating the similarity
levels, determining the photographic subject position
and tracking the photographic subject position, if the
reliability of the similarity level 1s judged to be low,
wherein:

the similarity levels are calculated by setting a search target
area 1n each of the input images, shifting a search frame
to a plurality of positions within the search target area
and calculating similarity levels of 1images within the
search frame at each of the positions to the template
1mage;

the photographic subject position 1s determined to be at a
position of the search frame at which a highest similarity
level 1s calculated;

il an absolute value of a difference between an average of
the similarity levels and the highest similarity level 1s
greater than a predetermined threshold value, the reli-
ability 1s judged to be high, and 11 the absolute value of
the difference 1s equal to or less than the threshold value,
the reliability 1s judged to be low; and
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11 the reliability 1s judged to be low:

an areal s1ze of the search target area over which the search
frame 1s to be shifted 1s adjusted 1n correspondence to the
similarity level calculated for the photographic subject
position;

the similarity level 1s recalculated through template match-
ing of the image within the search frame and the tem-
plate image executed by shifting the search frame within
the search target area with the adjusted areal size set
within a current input 1image; and

a position of the search frame with a highest recalculated
similarity level within the input 1image 1s designated as
the photographic subject position.

2. A non-transitory computer-readable medium that stores
a program for executing a photographic subject tracking
method according to claim 1.

3. A photographic subject tracking method comprising:

calculating similarity levels of images mnput sequentially to
a template 1mage;

determiming a photographic subject position in each of the
input 1mages based upon the similarnty levels;

tracking the photographic subject position through the
input 1mages;

judging whether reliability of the similarity level calcu-
lated for the photographic subject position i1s high or
low; and

changing ways of at least one of calculating the similarity
levels, determining the photographic subject position
and tracking the photographic subject position, if the
reliability of the similarnity level 1s judged to be low,
wherein;

the similarity levels are calculated by setting a search target
area 1n each of the mput images, shifting a search frame
to a plurality of positions within the search target area
and calculating similarity levels of images within the
search frame at each of the positions to the template
1mage;

the photographic subject position 1s determined to be at a
position of the search frame at which a highest similarity
level 1s calculated;

11 an absolute value of a difference between an average of
largest similarity levels calculated with previous input
images and a largest similarity level calculated with a
current input image 1s greater than a predetermined
threshold value, the reliability 1s judged to be high, and
if the absolute value of the difference 1s equal to or less
than the threshold value, the reliability 1s judged to be
low; and

11 the reliability 1s judged to be low:

an areal s1ze of the search target area over which the search
frame 1s to be shifted 1s expanded;

the similarity level 1s recalculated through template match-
ing of the image within the search frame and the tem-
plate image executed by shifting the search frame within
the enlarged search target area set within a current input
image; and

a position of the search frame with the highest recalculated
similarity level within the input 1mage 1s designated as
the photographic subject position.

4. A non-transitory computer-readable medium that stores
a program lor executing a photographic subject tracking
method according to claim 3.

5. A photographic subject tracking device comprising:

a similarity level calculation unit that calculates similarity

levels of images 1input sequentially to a template image;

a photographic subject position determination unit that
determines a photographic subject position in each of
the input 1images based upon the similarity levels;
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a photographic subject tracking unit that tracks the photo-
graphic subject position through the input images;

areliability judgment unit that judges whether reliability of
the stmilarity level calculated for the photographic sub-
ject position 1s high or low; and

a processing control unit that changes ways of at least one
of the calculation of the similarity levels by the similar-
ity level calculation unit, the determination of the pho-
tographic subject position by the photographic subject
position determination unit and the tracking of the pho-
tographic subject position by the photographic subject
tracking unit, 11 the reliability of the similarity level 1s
judged to be low, wherein:

the similarity level calculation unit 1s configured to set a
search target area 1n each of the mput 1images, shift a
search frame to a plurality of positions within the search
target area, and calculate similarity levels of 1mages
within the search frame at each of the positions to the
template 1image;

the photographic subject position determination unit 1s
configured to determine the photographic subject posi-
tion to be at a position of the search frame at which a
highest similarity level 1s calculated;

the reliability judgment unit 1s configured to judge the
reliability to be high 1f an absolute value of a difference
between an average of the similarity levels and the high-
est similarity level 1s greater than a predetermined
threshold value, and judge the reliability to be low 11 the
absolute value of the difference 1s equal to or less than
the threshold value, the reliability 1s judged to be low;
and

if the reliability judgment unit judges the reliability to be
low:

the similarity level calculation unit adjusts an areal size of
the search target area over which the search frame 1s to
be shifted 1n correspondence to the similarity level cal-
culated for the photographic subject position;

the similarity level calculation unit recalculates the simi-
larity level through template matching of the image
within the search frame and the template image executed
by shifting the search frame within the search target area
with the adjusted areal size set within a current input
image; and

the photographic subject position determination unit des-
ignates a position of the search frame with a highest
recalculated similanty level within the mput image as
the photographic subject position.

6. A photographic subject tracking device comprising:

a similarity level calculation unit that calculates similarity
levels of 1mages mput sequentially to a template 1mage;
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a photographic subject position determination unit that
determines a photographic subject position 1n each of
the input 1images based upon the similanty levels;

a photographic subject tracking unit that tracks the photo-
graphic subject position through the input images;

a reliability judgment unit that judges whether reliability of
the stmilarity level calculated for the photographic sub-
ject position 1s high or low; and

a processing control unit that changes ways of at least one
of the calculation of the similarity levels by the similar-
ity level calculation unit, the determination of the pho-
tographic subject position by the photographic subject
position determination unit and the tracking of the pho-
tographic subject position by the photographic subject
tracking umit, 1f the reliability of the similarity level 1s
judged to be low, wherein:

the similarity level calculation unit 1s configured to set a
search target area 1n each of the input images, shift a
search frame to a plurality of positions within the search
target area, and calculate similarity levels of 1mages
within the search frame at each of the positions to the
template 1image;

the photographic subject position determination unit 1s
configured to determine the photographic subject posi-
tion to be at a position of the search frame at which a
highest similarity level 1s calculated;

the reliability judgment unit 1s configured to judge the
reliability to be high 1f an absolute value of a difference

between an average of largest similarity levels calcu-

lated with previous input images and a largest 31mllar1ty

level calculated with a current input 1mage 1s greater
than a predetermined threshold value, and judge the
reliability to be low 1f'the absolute value of the difference
1s equal to or less than the threshold value, the reliability
1s judged to be low; and

11 the reliability judgment unit judges the reliability to be
low:

the similarity level calculation unit expands an areal size of
the search target area over which the search frame 1s to
be shifted;

the similanty level calculation unit recalculates the simi-
lanity level through template matching of the image
within the search frame and the template image executed
by shifting the search frame within the enlarged search
target area set within a current input 1image; and

the photographic subject position determination unit des-
ignates a position of the search frame with the highest
recalculated similarity level within the mput 1mage as
the photographic subject position.
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